Previous experimental evidence has suggested that fatty acid synthase (FASN) may be involved in cancer metastasis. However, its role has been poorly evaluated in osteosarcoma. The aim of this study was to investigate the correlation of FASN expression with pulmonary metastasis and the correlation of FASN expression with the Ki-67 antigen, a proliferation marker, in patients with osteosarcoma of the extremities. The expression of FASN protein and Ki-67 was detected by immunohistochemistry of biopsy tissues from 136 patients with osteosarcoma of the extremities and 21 cases of osteoenchondroma. Positive expression of the FASN protein was observed and located in the cytoplasm. The positive expression rate of FASN was 63.2% in osteosarcoma and 28.6% in osteoenchondroma (p<0.05). The expression levels of the FASN protein were higher in the cases with lung metastasis compared to those without metastasis (p<0.01). The percentage of Ki-67 stained nuclei in osteosarcoma with pulmonary metastasis and in those without was 43.43±10.05 and 25.41±6.68%, respectively (p<0.01). There was a positive correlation between FASN and Ki-67 protein expression in osteosarcoma (Spearman's rho, F=43.05, R=0.734). Therefore, FASN may be a promising target in the treatment of osteosarcoma metastasis.
Introduction
Osteosarcoma (OS) is the most common tumor in bone and the third most common tumor in childhood and adolescence (1) .
A significant number of studies on OS were published during the 1950s and 1960s, revealing poor 5-year survival rates of less than 15% (2) . It was not until the early 1970s that the introduction of doxorubicin and methotrexate with leucovorin showed promise in improving the survival rates. Following the discovery of effective chemotherapy, the 5-year survival rates for patients treated with intensive multidrug chemotherapy and aggressive local control have been reported to be 55-80% (3) (4) (5) ; however, an improvement in survival rates has been limited only to the patients with a high grade of disease (5) . Unfortunately, patients with metastatic disease have a poor prognosis, particularly those with pulmonary metastases at diagnosis, with various studies reporting 5-year survival rates of only 17-23% (6) (7) (8) . Therefore, it is necessary to determine the mechanisms contributing to the metastasis of OS. Although many molecular factors linked to metastasis have been identified, a significant number still need to be investigated to provide a new therapeutic target for metastatic diseases in OS.
Fatty acid synthase (FASN) is an enzyme crucial for endogenous lipogenesis in mammals and is responsible for catalyzing the synthesis of long-chain fatty acids. FASN is expressed at high levels in a variety of human tumors (9-16), but shows low expression levels in normal tissues. This overexpression in neoplastic tissues makes FASN a potential diagnostic tumor marker. The inhibition of FASN activity is selectively cytotoxic to human cancer cells in vitro and in vivo (17, 18) . Thus, FASN is considered a novel and promising target for antineoplastic therapy. Recent studies revealed that the inhibition of FASN promotes apoptosis and reduces cell growth and lymph node metastasis in a mouse melanoma model (19) . In Colon 26 and CMT 93 cells, FASN contributed to metastasis by upregulating the activity of the AKT pathway (20) . However, the expression of FASN and the correlation between FASN and metastasis in OS is still uncertain.
In the present study, we investigated FASN and Ki-67 protein expression levels in OS metastases using immunohistochemistry (IHC). We evaluated the correlation between FASN and Ki-67 expression levels in OS. Furthermore, the correlation between the expression levels of FASN and Ki-67 in OS tissues and OS metastasis was evaluated. Our findings revealed that there was a significant correlation between FASN, and Ki-67 expression levels and OS metastasis, and between FASN and Ki-67 protein expression levels. This suggests that FASN may be involved in OS metastasis and may be a promising target for treating OS metastasis.
Materials and methods
Patients and tumor specimens. From 2005 to 2009, 136 patients with histologically proven OS of the extremities were treated at the First Affiliated Hospital of Nanchang University, China. There were 44 cases with pulmonary metastases and 92 cases without metastases at diagnosis. All of the specimens were obtained by excision biopsy. The analysis of pulmonary metastases was performed with CT scans at the time of the first diagnosis. No patients had a history of prior therapies with anticancer drugs or radiotherapy. The samples were fixed with 10% formalin, embedded in paraffin and then cut into 2-µm sections. Twenty-one osteoenchondroma tissue samples were used as controls. The ethics committee of the First Affiliated Hospital of Nanchang University approved the study, and patients provided informed consent.
Immunohistochemistry for Ki-67 and FASN. Histological sections were cut at 2 µm and stained with hematoxylin and eosin (H&E). These sections underwent immunohistochemical analysis which was performed using the streptavidin-peroxidase (SP) procedure. Antigen retrieval was performed by heating the deparaffinized rehydrated sections in 10 mm citrate buffer (pH 6.0 for 20 min) followed by blocking with 10% goat serum. The sections were subsequently incubated overnight at 4˚C with the primary antibody (rabbit anti-FASN monoclonal antibody, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA; anti-Ki-67, Dako North America, Carpinteria, CA, USA). For the negative controls, the sections were incubated with phosphate-buffered saline (PBS) instead of antibodies. After washing with PBS three times, the sections were incubated with the biotinylated secondary antibody for 40 min, followed by incubation with horseradish peroxidase (HRP)conjugated streptavidin for 30 min. Finally, the sections were chemiluminescence-stained and counterstained using H&E. The immunostaining was evaluated by two independent pathologists without knowledge of the clinical and pathological parameters.
Quantitative method. The expression levels of FASN were determined according to the staining intensity of at least 500 cells in 5 representative areas. Their intensity scores were recorded as: no staining (0); weak staining (1); moderate staining (2) and intense staining (3) . The percentage scores were recorded as: less than 1% (score 0), less than 10% (score 1), 11 to 50% (score 2), 51 to 80% (score 3) and 81 to 100% (score 4). The final score was averaged with the scores from the two pathologists, which were calculated by the addition of the intensity score to the percentage score. The sections with a final score of less than 4 were considered as (-), score 4 was considered as (+), score 5 as (++) and more than 6 was considered as (+++). In all cases, brown staining in the cytoplasm was adopted as the standard for positivity.
For Ki-67 expression, a minimum of 400 cells were counted on each slide at a magnification of x400, irrespective of whether they had been stained by anti-Ki-67 or not. In each case, 3 visual fields were evaluated. The percentage of stained cells for each case was obtained from the ratio between the number of cells with stained nuclei and unstained nuclei multiplied by 100 (label index).
Statistical analysis. All analyses were performed using the Statistical Package for the Social Sciences (SPSS Version 13.0, Chicago, IL, USA). Two independent samples were used to analyze the difference between FASN expression levels in OS and osteoenchondroma tissues, and between OS patients with and without pulmonary metastasis. An independent samples t-test was used to analyze the difference between Ki-67 expression levels in OS and in osteoenchondroma tissues, and between OS patients with and without pulmonary metastasis. The correlation of FASN with Ki-67 protein in OS tissues was evaluated using Spearman's rho. A value of p<0.05 was considered to indicate a statistically significant result.
Results

FASN and Ki-67 protein expression in OS and osteoenchondroma. FASN protein was expressed in the cytoplasm and
Ki-67 was expressed in the nuclei of OS and osteoenchondroma tissues (Fig. 1) . The FASN positive expression rate was significantly higher in OS tissues (63.2%) than in osteoenchondroma tissues (28.6%) ( Table I ). The Ki-67 protein expression level was significantly higher in OS tissues than in osteoenchondroma tissues (Table I ). The statistical analyses revealed a significant positive correlation between FASN and Table I . FASN and Ki-67 protein expression levels in osteosarcoma and osteoenchondroma. Ki-67 protein expression (Table II) . Our results indicated that FASN and Ki-67 are overexpressed in the tissues of OS.
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The correlation between FASN, Ki-67 protein expression levels and pulmonary metastasis in OS.
Under light microscopy, there was a greater concentration of Ki-67-stained nuclei in the cases with pulmonary metastasis compared to those without (Fig. 2) . The Ki-67 proliferation index was significantly higher in OS tissues with pulmonary metastasis than in those without (p<0.05, Table I ). Thirty-eight cases (86.4%) with pulmonary metastases at diagnosis were positive for FASN expression in the OS tissues, but only 48 cases (52.2%) of those without pulmonary metastases were positive (Table I ). There were also more cells with a positive expression for FASN protein in the cases with pulmonary metastasis, as shown by an intensely stained cytoplasm, compared to the cases without pulmonary metastasis (Fig. 3) . The expression level was significantly higher in the cases with lung metastasis than in the cases without metastasis (p<0.01). Our data suggest that FASN and Ki-67 may be involved in OS metastasis.
Discussion
Ki-67 is a type of nuclear protein which is expressed in the G1, S, G2 and M phases of the cellular cycle, but not in the G0 phase. Ki-67 protein is present in all mitogenic cells of normal and tumor tissues. Ki-67 protein expression levels not only reflect the activity of tumor cells, but are also correlated with the development, metastasis and prognosis of cancer. The present study evaluated the proliferation of Ki-67 in OS and osteoenchondroma tissues and the results revealed that the percentage of positively stained cells for Ki-67 protein expression was 31.24±11.57 and 2.05±0.86% in OS and osteoenchondroma tissues, respectively (p<0.01). The expression levels of Ki-67 protein in OS were significantly higher than in osteoenchondroma tissues. Furthermore, the correlation between Ki-67 protein expression levels and pulmonary metastasis was investigated in this study and the results showed a significant correlation between Ki-67 protein expression levels and pulmonary metastasis of OS (p<0.01), which was consistent with the results from a previous study (21) . The results suggest that Ki-67 protein may be involved in OS metastasis. Fatty acid metabolic pathways have an important role in carcinogenesis (22) . Human FASN is a 270 kDa cytosolic dimeric enzyme that is responsible for fatty acid synthesis. Endogenous fatty acid synthesis from the small carbon precursors acetyl-CoA and malonyl-CoA is dependent on the activity of FASN. FASN is downregulated by dietary fatty acids in the majority of cells, with the exception of lipogenic tissues such as liver, lactating breast, fetal lung and adipose tissues. Recent studies have provided compelling evidence that neoplastic lipogenesis is essential for cancer cell survival (23) . Various studies have reported FASN overexpression in a variety of human tumors (24) (25) (26) (27) (28) (29) . In this study, we demonstrated that FASN was positively expressed in 86 of 136 OS cases (63.2%); however, the rate of positive expression was 28.6% in osteoenchondroma tissues. The difference in FASN expression level between OS and osteoenchondroma was significant (p<0.01). Recent studies have shown that FASN expression levels are associated with tumor cells metastasis in vivo (20, 30) . In our study, FASN was overexpressed in 38 of 44 patients with pulmonary metastasis, but only 48 of the 92 patients without metastasis demonstrated positive FASN expression.
The difference between expression levels of FASN in cases with pulmonary metastasis was significantly higher than in those without metastasis (p=0.002), showing similar results to previous studies. This suggests that FASN may be involved in OS metastasis.
As the correlation between Ki-67 protein and OS metastasis has been revealed in previous studies, we investigated the correlation of FASN and Ki-67 protein expression levels in OS tissue to indirectly provide evidence of the correlation between FASN and OS metastasis. Our results revealed a positive correlation between FASN and Ki-67 protein expression levels and therefore we believe that FASN may be involved in OS metastasis.
To our knowledge, this is the first study to evaluate the correlation between FASN expression levels and metastasis of OS. Although further studies are required, the present findings show that FASN may be involved in proliferation and metastasis of OS, thereby possibly suggesting FASN as a promising target for treating OS metastasis. 
